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RESULTS OF A GEOCHEMICAL SURVEY,
WADI ASH SHU'BAH QUADRANGLE,
SHEET 26E, KINGDOM OF SAUDI! ARABIA

BY

WILLIAM R. MILLER AND MARK A. ARNOLD

ABSTRACT

The interpretation of geochemical data of a regional survey of the Wadi ash
Shu’bah quadrangle resulted in the selection of areas for follow-up studies. The
results of the detailed geochemical studies of these areas, combined with field
observation, resulted in the identification of areas of moderate and high mineral
resource potential. The most important areas are (1) the Jibal Ba’gham area for
tin and tungsten resources associated with the post-Hadn Jufayfah syenogranite;
(2) the Murran gossan belt, Aqab gossan area, and Rawdah gossan area for
massive-sulfide mineralization associated with Hulayfah-group greenstones; (3)
the Rawdat al Ba'ayith area and Jibal Abid area for precious- and base-metal
mineralization associated with pre-Hadn intermediate-composition plutons; and (4)
the Wadi al Qahad area for skarn and precious- and base-metal mineralization
associated with pre-Hadn granodiorite.

The Wadi ash Shu’bah quadrangle (sheet 26E) lies in the north-central part of
the late Proterozoic Arabian Shield. Plots showing distributions of single
elements and factor scores of the regional geochemical data of wadi concentrates
were used to identify areas for follow-up work. Detailed follow-up studies
consisted of collection of rocks, wadi concentrates, and wadi sediments. The most
use ful pathfinder elements for precious- and base-metal mineralization are Pb and
Cu for tin and Sn, La, Y, Nb, and Be for tungsten mineralization. R-mode factor
analyses of the regional wadi-concentrate data resulted in one factor interpreted
as reflecting post-Hadn evolved alkalic-granite lithology and, therefore, tin and
tungsten mineralization.

A major problem in the interpretation of the regional data resulted from the
incomplete removal of magnetite before analyses. The magnetite can cause
anomalous values for Ni, Fe, V, Cu, and Co because of it’s ability to incorporate
these elements into it's structure during magmatic crystallization. It is essential
that samples be prepared and analyzed in a consistant manner so that the
resulting data may be as reliable as possible.



INTRODUCTION(
GEOGRAPHIC SETTING

The Wadi ash Shu’bah quadrangle (sheet 26E) occupies approximately 16,500
km? between lat 26900° and 27900’ N. and long 40930’ and 42°00° E. in the
north-central part of the Arabian Shield (fig. 1). Ha’il, the nearest city with a
commercial airport, is located about 60 km north of the quadrangle. Access to the
study area is by a paved highway that runs from bl Madinah through the center
of the quadrangle to Ha’il. From this highway, secondary paved roads, dirt roads,
and desert trails provide access to most areas. ‘

The topography of the study area is characterized by relatively flat peneplains
with isolated inselbergs and groups of inselberps. These peneplanes have an
average elevation of 800-900 m and are exstensively covered with thin deposits of
grus, aluvium, and eolian material. Jibal Rumman al Humr, located in the
northeastern part of the quadrangle, occupies the hxghcst point in the quadrangie
with an elevation of about 1,350 m. !

|
|

Drainages in most of the quadrangle are generally poorly developed and most
are partially filled with ecolian sand. Drainages associated with prominent
mountains are better developed and contain leéss eolian material. The main
drainages in the quadrangle are Wadi ash Shu’bah, which drains from the north-
central part of the area to the southeast, and Wadi al Qahad, which drains from
the western part of the quadrangle to the southeast. These main drainages supply
Wadi ar Rumah, which begins in the southwestern corner of the quadrangle and
drains along the southern border of the area to the east. With the exception of
the northeastern corner of the quadrangle, which drains northwest toward the
Great Nafud by a system of small wadis, all d amagcs belong to the Wadi ar
Rumah drainage basin.

The area has an average annual rainfall of 100 mm (Whitney, 1983), which
supports sparse desert-shrub vegetation. The population of the area is sparse,
concentrated primarily in small villages and scattered bedouin encampments.

KNOWN MINERAL OCCURRENCES

Quick and Doebrich (1984) briefly discuss the known mineral occurrences for
the Wadi ash Shu’bah quadrangle. These occurrences consist of base and precious
metals, fluorite, thorium, rare earths, magnesit¢, and gossans. Many of these
locations, particularly the gold occurrences, are associated with ancient workings.
Richter and others (1984) describe similar ancient workings in the adjoining Jibal
Habashi quadrangle (sheet 26F) and date the [last period of mining activity
between A.D, 700 and A.D. 800. The locations of; these known mineral-occurrence
locations are stored in the Mineral Occurrcncc Documentation System (MODS)
and are obtainable through the Office of the chhmcal Advisor, Saudi Arabian
Deputy Ministry for Mineral Resources, Jiddah.

PREVIOUS INVESTIGATIONS

A 1:500,000-scale geologic map of the Northcaz:tcrn Hijaz quadrangle by Brown
and others (1963) includes the Wadi ash Shu’bah quadrangle. More recent geologic
mapping by the U.S. Geological Survey has proc}uccd six 1:100,000-scale geologic



31

30°

29°

28°

27°

26°

25°

24°

23°

22°

21°

20°

19°¢

18°

17

le*

35t 36 37° 3g* 39° 40° a1 2° @ 44° g5 46° 47 48°  49°
(R )r oy T .
| i ‘ - ' : ‘ i |
: 0 L N ‘ N | | ! : i ; 31°
| i T + . oy ‘ ! 3 |
;' NEEN | TS
EEENAN =5 HEEEREN
GEEE \,. TR
| f ]' B vy B P 2 1
! ; < T \ | 29°
i ] PR & .. .
f\\ \ T ! ’ r !\\
abuk .

\ l 1 i L ’ | \ 28°
LT i HER
N | T |

v 5 27°
| N /’ ;
- ‘I ~o \I 1/' “00(,1’ ‘
e - N
;’ \1 Sl ‘\o”'i;\-‘ T 26°
N
f f R¢
T’ l \?Vo 25°¢
< | \\\,v@ Ar Riyad
. | K \ \%‘o oAr RIY
u\" \ __‘24'
=TS x -
f— . \}
REEEL
- Y
T L‘W
\w) / 22¢
/
Jiddah / u
L ! l \ Vt‘n MAKKAH /' 210
\ > N -
l N
J / 20°
R N , \
LT TN \ ' \
N ! 19°
\ i
\
l] ) N aond "\~ 18°
\
ﬁ ‘ ’ \ \\ o \\\
T .

‘ f s F v

I i T T . \ ‘@b "/

0 100 200  300KM \’

~ Lagaay 1 1 1 e [] 16°
1 1 1 1 i 1 AN T
36* 37° 38° 39° 40° 41° 42° 43° 44° 45¢ 16° 47° 48°

Figure 1.--Indéx map of western Saudi Arabia showing location of the Wadi ash
" Shu’bah quadrangle (stippled) and quadrangles referred to in the.text; A.
- Zarghat 26/40B (Quick, 1984a); B. Ghazzalah 26/41 H (Quick, 1983); C. Al

Awshaziyah 26/41 B (Leo, 1984); D. Ar Rawdh 26/40 D (O’Neill and Ferris,
1985); E. As Sulaymi 26/41 C (Quick, 1984b); F. Al Ba’ayith 26/41 D (Williams
and Simonds, 1985); G. Harrat Hutaymah 26/42 H (Pallister, 1984); H. Samirah
26/42 B (Williams, 1983); I. Wadi ash Shu’bah 26E (Quick and Doebrich, 1984);
J. Jabal Habashi 26F (Richter and others, 1984; Allen ad others, 1984); K. Aban

~al Ahmar 25F (Cole, 1986); L. Northeastern Hijaz (Brown and others, 1963).
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maps covering the Wad ash Shu’bah quadrangle. The six quadrangles are the
Zarghat, sheet 26/40B (Quick, 1984a), Ar Rawdh, sheet 26/40D (O’Neill and
Ferris, 1985), Ghazzalah, sheet 26/41A (Quick, 1983), Al 'Awshaziyah, sheet
26/41B (Leo, 1984), As Sulaymi, sheet 26/41C (Quick, 1984b), and Al Ba’ayith,
sheet 26/41D (Williams and Simonds, 1985). A 1:250,000-scale geologic map of the
Wadi ash Shu’bah quadrangle has been compiled by Quick and Doebrich (1984).

PRESENT [NVESTIGATIOITIS

The purpose of the investigation was (1) to 'interpret the regional wadi-
concentrate geochemical, data and to select anomalous areas based on the regional
geochemical data,and (2) to conduct detailed follow-up geologic and geochemical
studies in order to determine the source and economic significance of the
geochemical anomalies.

The interpretation of the pre-existing regional geochemical data consisted of
producing plots of selected elements, and a discussion of their significance, and an
R-mode factor analysis of the data with plots of faﬁtor scores and a discussion of
their signifcance. Follow-up studies were conducted during 1984 and consisted of
visiting anomalous areas identified by the interpretation of the regional
geochemical data, examining the rocks, and collecting rock and wadi-sediment
samples for later laboratory study for the purposd of evaluation of the mineral
resource potential of these areas.

This report will follow the recommendations of Goudarzi (1984) for defining
Ievels of mineral resource potential. Mineral resource potential is defined as the
likelihood of the presence of mineral resources in a defined area; it is not a
measure of the amount of resources or their profxiabnhty Low mineral resource
potential is assigned to areas where geologic, geochemical, and gcophys:cal
characteristics indicate an environment where the existence of resources is
unlikely. Moderate mineral resource potential is assigned to areas where geologic,
geochemical, and geophysical characteristics indicate a geologic environment
favorable for resource occurrence. High mineral resource potential is assigned
to areas where geologic, geochemical, and geophysical characteristics indicate a
geologic environment favorable for resources. In this study, only geochemical
and, to a lesser extent, geologic data have been considered.
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GEOLOGIC SETTING

The Wadi ash Shu’bah quadrangle, located in the northern Arabian Shield, is
a large cratonic area consisting of a wide compositional range of intrusive rocks
and several sequences of volcanosedimentary rocks that formed in a magmatic-arc
setting from about 738 to 520 Ma (Stoeser and Camp, 1985; Williams and Simonds,
1985; Quick and Doebrich, 1984). The four principal crust-forming episodes are
(1) greenstone and quartz diorite and diorite at or prior to 738 Ma (Quick and
Doebrich, 1984); (2) granodiorite, tonalite, and mohzogranite at about 738 to 635
Ma and volcanosedimentary rocks at about 677 to 600 Ma (Quick and Doebrich,
1984; Williams and Simonds, 1985); (3) volcanic rocks, alkalic granites, and
granitoids at about 640 to 580 Ma (Quick and Doebrich, 1984); and (4) gabbro and
diabase intrusions and marinc sediments interlayered with alkalic basalts at about
520 Ma (O’Neill and Ferris, 1985; Quick and Doebrich, 1984).

Magmatic activity ceased abruptly at about 5?75 Ma, followed by extensive
marine sedimentation over the Arabian Peninsula during the Paleozoic and
Mesozoic eras (Williams and Simonds, 1985). %ed Sea rifting during early
Cenozoic times formed the Ha’il arch in the northern Shield and resulted in the
erosion of all but a small part of the post-Proterozoic sediments from the Wadi
ash Shu’bah quadrangle (Greenwood, 1973; Williams and Simonds, 1985).

This section briefly describes the geology of the Wadi ash Shu’bah quadrangle
and has been generalized and condensed primarily from the 1:250,000-scalc
geologic compilation by Quick and Doebrich (1984).

HULAYFAH GROUP

The . Hulayfah group (fig. 2) consists of greenstones with interbedded
silicic-volcanic and associated sedimentary rocks. These are the oldest
volcanosedimentary rocks in the Wadi ash Shu’bah quadrangle, dated at about 738
Ma (Quick and Doebrich, 1984).

The greenstones commonly consist of basaltic to andesitic flows and flow
breccias with occasional pillow structures. The greenstones are metamorphosed to
lower- and middle-greenschist facies. Where proximal to monzogranite and
granodiorite intrusions, the greenstones have been metamorphosed to
epidote-amphibolite facies (Quick and Doebrich, 1984).

The sedimentary and silicic volcanic rocks of the Hulayfah group are comprised
of fine- to coarse-grained greywackes, with interbedded silicic volcanic flows and
tuffs ranging in composition from dacite to rhyolite (Quick and Doebrich, 1984).

;
PRE-HADN INTRUSIVE {zOCKs
|

The pre-Hadn intrusive rocks (fig. 2) consist of six units that range from
ultramafic to felsic composition. The oldest unit is composed of ultramafic rock
that may predate the Hulayfah group. The monzogranites are younger and clearly
post-date the Hulayfah group (Quick and Doebrich, 1984).

The ultramafic rocks are exposed as small outcrops that have been altered to
listwaenite and serpentinite. These ultramafic rocks are present in the southeast
corner of the quadrangle along the Raha fault (Williams and Simonds, 1985;







































































































































Murran Gossan Belt

During the follow-up survey, a discontinuous arc-shaped belt of gossan
outcrops approximately 6 km in length was discovered by helicopter (figs. 17, 18,
and 19). This belt of outcrops (MODS 3902, 4249, 4250, and 4265) lies
approximately 2 km west of the village of Murran. These gossans are hosted by
greenstones of the Hulayfah group. Pillow basalts were observed on a small hill
just south of the southernmost group of gossan outcrops. The gossan rocks vary
in color from a deep hematitic red to limonitic yellow. Their hardness ranges
from soft powder to silicious, with silicious parts being more resistant to
weathering than the surrounding greenstones. Locally, there are well-developed
gypsum crusts formed over parts of the gossan that may have formed from
chemical weathering of sulfide minerals associated with the gossans. These
gossans are believed to represent submarine exhalative-type massive-sulfide
mineralization.

The gossan belt was not readily detected by the regional geochemical survey.
Two samples collected from wadis draining the area contained 7 ppm Mo and 20
ppm Cu. During the follow-up survey, nine samples were collected from small
wadis to assess the effectiveness of wadi samples to detect this type of occurrence.
The wadi concentrates showed only low concentrations of Cu, Pb, Ni, and Cr,
while the wadi sediments contained higher concentrations (table 3—/) The likley
explanation for the higher concentrations of Cu, Zn, and Mo in the wadi
sediments compared to wadi concentrates is that the scdimcnts contain iron
oxides. Iron oxides act as scavengers of Cu, Zn, and Mo.

Twenty-seven rock samples collected from the gossans contained low
concentrations of Cu, Mo, Pb, and Ni (table 4). Analyses of other elements, such
as Zn or Au, were not available, but Williams and Simonds (1985) report trace
amounts of gold and silver detected by atomic absorption spectrometery from seven
rock samples collected from these gossans.

It may be that the length of time that the rocks of the Arabian Shield were
exposed to chemical weathering is the reason that few sulfide minerals are
presently found at the surface. In their evaluation of gossans in the Kingdom of
Saudi Arabia, Ryall and Taylor (1981) report only low concentrations of certain
elements in rocks collected from several gossans (table 5). These gossans have
been evaluated as having low economic value because of the absence of
significant concentrations of base metals.

The economic significance of the Murran gossan belt cannot be adequately
evaluated from existing surficial evidence. Subsurface drill-core data is required
to adequately evaluate this occurrence. The large size of the occurrence
significantly increases the resource potential.

Mishash ar Rafi Shale-Hostcd Copper Area

An area of well-developed gypsum crust, similar to those present at the Murran
gossan area, was located in the southeast corner of the quadrangle (fig. 17 and
20). A small trench dug by hand through a two-foot-thick gypsum crust
encountered calcareous shale of the Maraghan formation. Thin (1-4 cm)
interbedded zones of iron oxides and minor sulfides, primarily chalcopyrite, were

1/ Tables 3-15 are at the end of the section. See page 56

51



observed. Chemical analyses of five rock samples collected from within and near
the trench contained low to modecrate concentrations of Cr, Cu, Mo, Ni, and Zn
(table 6). J. L. Doebrich (written comm., 1985) trenched this area with a backhoe
in early 1985 and located a series of oxidation-reduction horizons and additional
conformable layers of gypsum that indicate the intensity of chemical weathering.
Twenty channel samples were collected from these trenches. Analytical results
showed only low concentrations of base metals. Four of these samples contained
low concentrations (10-30 ppb) of gold. The median concentration of gold in
shales is 4 ppb (Wedepohl, 1969-1978), although Boyle (1979) reports that certain
organic-rich shales may contain gold concentrations in excess of the average for
normal shales. The gold values of these channel samples are considered to be
slightly elevated.

This occurrence cannot be adequatcly evaluated on the basis of the results of
this report. The low trace-element concentrations of the near-surface rocks
suggest moderate mineral resource potential. But the presence of the thick
gypsum crust at the surface indicates that a considerable amount of sulfide
minerals were originally present and that there| is a possibility that sulfide
minerals exist at depth. Subsurface drilling and(or) decp trenching is needed to
adequately evaluate this occurrence.

Rawdat al Ba’ayith Gold Area

One quartz-vein sample collected from a heavily veined arca associated with a
granodiorite pluton located approximately 3 km southeast of Rawadt al Ba’ayith (figs.
17 adn 21) contained 30 ppm Au, 3 ppm Ag, >1,000 ppm Bi, and 700 ppm Mo. Twelve
samples were collected from wadis draining the nearby Raha fault. Chemical analyses
of the wadi concentrates from these sites detected only low levels of Cu and Pb at
four locations. One wadi-sediment sample (212907) contained 4,400 ppm As (table 7).

J. L. Doebrich (written comm., 1985) conducted follow-up mapping and rock
geochemical sampling in early 1985 and reported numerous quartz veins that intrude
the Maraghan formation and the granodiorite. Felsite plugs and dikes also locally
intrude the Maraghan formation. Doebrich also reported visible pyrite and galena in
several of the veins and stockwork veining in the granodiorite. Fifteen of the
seventeen composite rock-chip samples collected for 20 to 40 m along the strike of
the quartz veins contained detectable gold concentrations that varied from 11 ppb to
8.6 ppm. These 17 samples also contained anomalous concentrations of Ag, As, Bi, Mo,
and W. On the basis of the geologic setting and the Au-As-Mo association, Doebrich
interprets this area as being similar to the Ar Rahail prospect, located 18 km to the
east. Geochemical evidence suggests that this area lhas moderate resource potential
for gold in quartz veins, but subsurface drilling 15’ required to further evaluate its
economic significance. ,

Jibal Abid Coppcr-Molybcdch‘um-Gold Area

A group of mineralized ancient workings (MODS 3903) (figs. 17 and 22) were
discovered by J. E. Quick and J. L. Doebrich during field work in 1984. The
mineralized rocks are found in monzonite to $yenogranite and are primarily
" brecciated quartz veins with abundant malachite staining and well-developed box-
work texture. Chemical analyses of the two rock samples collected from the
ancient workings contained 3-20 ppm Ag, >20,0QO ppm Cu, and >2,000 ppm Mo

l

- . J
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(table 8). J. L. Doebrich (written comm., 1985) observed considerable visible
hexagonal molybdenum crystals at the surface during follow-up work in 1985. He
reported areas of pegmatite and quartz breccia containing granite fragments with
well-developed stockwork veining, suggesting the presence of a stockwork at
depth. Further surficial mapping, sampling, and drilling is required to describe
and evaluate the resource potential of this arca.

Agab Gossan Areca

A 100 km2 area of isolated gossans within the Hulayfah group (MODS 3104)
was located by helicopter approximately 10 km southwest of Jibal Salma (figs. 17
and 23). Chemical analyses of 10 rock samples collected from the various gossans
yielded elevated concentrations of Co, Cu, Mo, Ni, and Ag, and four samples
contained weakly anomalous concentrations of As, Cd, Sb, and Au (table 9). Six
samples of wadi concentrates and sediments were collected from small wadis
draining areas containing gossans. Only wecakly anomalous concentrations of Cu,
Ni, Cr, and Pb were detected in the wadi concentrates, but slightly higher
concentrations of Cu, Zn, As, and Mo were detected in the wadi-sediment samples
(table 10). The reason for the higher concentrations of these elements is that wadi
sediments contain iron oxides that act as scavengers for Cu, Zn, As, and Mo.

These gossans arec associated with the silicic volcanic and greenstone units of
the Hulayfah group. The rocks are limonitic yellow to hematitic red, silicious,
and commonly layered and brecciated. Some rock samples, primarily those
associated with the higher Cu values, contained visible chalcopyrite and bornite.
In some areas, thin, well-bedded black carbonaceous shales are interlayered with
the greenstones and gossanous rocks. Rock samples from these gossans generally
contain higher concentrations of base metals than rock samples from the gossans
at Murran discussed earlier in the text. These gossans are probably weathered
surficial expressions of submarine exhalative massive-sulfide mineralization. To
adequately evaluate the resource potential of this areca, more detailed mapping,
trenching, and drilling would be required.

A small ancient working (fig. 23), consisting of a pit of about 5 m in diameter
located in a saddle between two small hills, was discovered at the northern end of
the gossan area. This area is mapped as silicic volcanics of the Hulayfah group
by Quick and Doebrich (1984). The country rock near the pit is a white to pale
green felsic rock that may intrude the Hulayfah group. A 2-m-wide gabbroic dike
is present within the mineralized zone, which is approximately 5 to 10 m wide and
is characterized by abundant malachite coatings. Hematitic veins approximately 1
to 2 cm wide were mined within the malachite-stained area. One rock sample
(209370) and a nonmagnetic split from soil sample no. 209370S from the pit
contained high concentrations of Au, Ag, As, Cu, and Co (Table 9). Detailed
follow-up work is required to adequately evaluate the economic significance of
this and the surrounding area.

Rawdh Gossap Area

. An area containing several gossans was discovered along the southwestern edge
of the gquadrangle, approximately 20 km northwest of Ar Rawdh (MODS 3900)
(figs. 17 and 24 ). A Pb anomaly detected by the regional geochemical survey
approximately 5 km south of the gossan area lead to its discovery. Several
gossanous outcrops were observed within Hulayfah group rocks in the area. One
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gossan contained ancient workings in the form of shallow pits. The gossanous
rocks located at the ancient workings are silicified, layered, and brecciated in
places with abundant malachite and azurite coatings along fractures. One rock
sample (209898) and one slag sample (209294) from the ancient workings
contained anomalous concentrations of Ag, Cu, Ni, and Co (table 11). Two other
rock samples (209585 and 209810) collected from gossans in the area contained
anomalous concentrations of Cu, Ag, and Ni (table 11). Two rock samples
collected from chert and marble within nongossanous rocks of the surrounding
Hulayfah group contained no anomalous concentrations of elements associated
with base or precious minerals (table 11). Three wadi-concentrate and
wadi-sediment samples collected from small wadis draining the gossan area
contained weakly anomalous concentrations of Cu, Cr, Pb, and Ni (table 12).
These gossans are believed to represent massive-sulfide-type mineralization similar
to other gossans associated with the Hulayfah group clsewhere in the quadrangle.

An area of ancient workings associated with several 1-m wide quartz veins
within the Hulayfah group is located approximately 3 km north of the gossan
area. One composited sample (209669) collected from the quartz veins contained
anomalous concentrations of Ag, Bi, Mo, Pb, Zn, and a trace of Au (table 11).
One wadi-concentrate sample and onc wadi-sediment sample collected near the

quartz vein area contained weakly anomalous concentrations of Pb and Bi (table
12).

Detailed surface mapping, geochemical sampling, and trenching is needed to
fully evaluate the economic significance of this area.

Rijlat al Ashgar Quartz Vein Area
|

An area containing several quartz veins avcrag}ing I m in width and trending
northwest discontinuously for 1 to 2 km was located approximately 10 km
southeast of the Jibal Abid Cu-Mo area in the southeastern part of the quadrangle
(MODS 3897) (figs. 17 and 25). The veins are present in pre-Hadn quartz diorite
to diorite and may be associated with the emplacement of these plutons. Fifteen
composited samples of vein material were collected. Several samples contained
anomalous concentrations of Bi, Mo, and W (table 13). One sample analyzed for
Au contained only 0.002 ppm (table 13). Most of the samples of vein material that
contained anomalous concentrations of metal congisted of hematite-rich material
found along the margins of these veins. Based on the small amounts of
mineralization, these quartz veins are believed tF have only moderate resource
potential.

Wadi al Qahad Skarn Area

An area containing scattered ancient workings /was discovered by helicopter 42
km west of the Rijlat al Asgar area (figs. 17 fnd 26). The ancient workings
consist of several pits and trenches located in gréenstone containing small quartz
veins and iron-oxide stringers, and in garnetiferous skarn in limestone within the
greenstone. Six rock samples collected from in and around the ancient workings
contained low concentrations of Au, Ag, Mo, BiJand moderate concentrations of
Cu. Thirteen wadi-concentrate and wadi-sediment samples were collected from
small wadis draining the area. These samples contained anomalous concentrations
of Sn, Sb, Bi, and As (table 14). The tin is thought to be associated with the
skarn. No scheelite was detected by short-wave untraviolet light. The cassiterite
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from the wadi concentrates consists of small, angular, black to transparent red
grains. Wadi concentrates containing anomalous antimony and bismuth were
collected from small wadis located north of the ancient workings and skarn,
indicating possible undetected mineralization (table 14 and fig. 26). Wadi
sediments containing anomalous arsenic and zinc were collected from small wadis
located south and east of the ancient workings. Wadi concentrate 209984 also
contained 70 ppm Be, which may be related to skarn mineralization.

Two types of mineralization are present in this area: (1) precious- and
base-metal-bearing quartz veins within the greenstone and (2) skarn mineralization
within carbonate beds in the greenstone. Both types of mineralization are
associated with the intrusion of the granodiorite.

Detailed mapping and rock geochemical sampling are required to further
evaluate the economic significance of this area.

Jibal Ba’gham Areca

Anomalous concentrations of tin and factor-1 scores are found to the south and
cast of Jibal Ba'gham (MODS 3156) (figs. 10 and 15). The Jibal Ba’gham area is
located near the village of Saqf in the north-central part of the quadrangle (figs.
17 and 27). A follow-up wadi-concentrate geochemical survey was conducted to
further evaluate the mineral resource potential of the area.

Seven wadi-concentrate samples collected during the follow-up survey
contained anomalous concentrations of Be, La, Nb, Pb, Sn, Y, Th, and W (table
15). Microscope studies of grains from the wadi concentrates identified cassiterite
as the tin-bearing mineral and monazite as the yttrium- and thorium-bearing
mineral. The cassiterite is translucent red to amber colored and is similar to
cassiterite observed at the Wadi al Qahad skarn area. This cassiterite differs
from that observed in the Aban al Ahmar quadrangle, which is often associated
with peraluminous granites and is black and submetallic in appearence.

Sample 209371, which is from a small wadi draining the Hadn formation,
Banana greenstone, and hornblende-quartz diorite, contained small scheelite grains
along with angular cassiterite grains. The Banana greenstone, which is a member
of the Hulayfah group, may contain limestone lenses (Quick and Doebrich, 1984);
therefore, the possibility exists for skarn mineralization. Samples 209089 and
209284 come from a larger wadi that drains several rock units from a large area.
The cassiterite grains are rounded to subangular, indicating grain transport over a
greater distance than that of sample 209371. Samples 209089, 209284, 209371, and
209632 contain tin concentrations of 500 to >2,000 ppm. These samples were all
collected from wadis draining older rocks surrounding the Jufayfah syenogranite
(fig. 27). This lecocratic hornblende-biotite-bearing granite may contain a
peraluminous phase (D. B. Stoeser, personal comm.). The Jufayfah syenogranite is
probably the source of the anomalous tin concentrations and may host tin and
tungsten deposits associated with greisen, stockwork, or skarn mineralization.
Erosion has probably removed any significant mineralization that may have been
present in the upper part of the pluton, but there may be mineralization present
in the surrounding country rocks associated with the main pluton or unexposed
satellite bodies of the main pluton.
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Wadi-concentrate samples 209111, 209180, and 209297, which are from wadis
draining the main Ba‘gham granite, contain tin concentrations of 150 to 300 ppm,
indicating that the Ba’gham granite (fig. 27) probably does not host significant
tin mineralization. Peralkaline granites in the Arabian Shield have been described
as containing high concentrations of tin (Elliott, 1983; Cole, 1986), but not in
economic concentrations. The peralkaline Ba’gham granite contains high
concentrations of thorium and rare-earth elements in areas with associated
radiometric anomalies (Quick, 1983) and should be considered as having potential
for rare-earth deposits. Detailed mapping and geochemical sampling is required to
further evaluate this area.

Kilab Monzogranite Area

Interpretation of the regional wadi-concentrate data identified an area
containing anomalous concentrations of La, Nb, Y, Mo, and Sn in the southern
part of the Kilab Monzogranite (figs. 9, 10, 12, 13, 14, and 17). The Kilab
monzogranite is probably not the source of these anomalous concentrations
because concentrates collected from wadis draining this monzogranite do not
normally carry elevated concentrations of these elements. The source of the La,
Nb, Y, Mo, and Sn may be a burried alkalic post-Hadn granite similar to the one
in the Nubayah area located to the southeast in the Aban al Ahmar quadrangle
(Miller and Arnold, 1986). No follow-up samples were collected from this area.
This area is considered to have moderate resource potential for tin and tungsten.
Detailed mapping and geochemical sampling is required to further evaluate the
area. /

t
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Table 3.--Chemical analyses of wadi saJp]es from the Murran
gossan belt area.

[Wadi concentrates by emission spectrography and wadi sediments by
atomic absorption. Fe in percent, all other values are in parts per
million; N=not detected.]

---------- Wadi concentrate---------- ~------Wadi sediment------

Sample Fe Cr Cu N Pb ( Sample Cu In Mo
209049 1.5 100 10 30 70 J 212049 232 234 7
209446 1.5 100 N 15 70 | 212446 164 232 8
209448 1.5 100 N 15 50 212448 260 342 16
209568 0.7 50 N 10 20 f 212568 112 380 10
|
209839 0.7 70 10 10 30 ; 212839 236 378 8
209868 0.5 70 N 30 50 | 212868 270 342 10
209904 1.0 = 100 10 20 50 212904 232 342 10
209983 0.7 100 10 30 50 212983 196 284 10
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Table 4.--Chemical analyses by emission spectrography
gossan samples from the Murran gossan belt.

[Fe in percent, all others in parts per million;
N=not detected.]

Sample Fe Mn Ba Cr Cu Mo Ni Pb
209020 2.0 1000 2000 300 10 <10 7 10
209091 >20 150 1500 50 50 20 7 <10
209108 20 200 500 30 50 <10 5 30
209109 15 100 200 500 10 20 10 N
209125 20 50 150 300 30 20 <5 <10

209127 3.0 200 500 500 10 15 7 N
209204 0.7 1000 2000 200 <10 N <5 10
209227 >20 200 1000 300 20 50 10 15
209279 10 150 200 30 20 <10 5 30
209287 >20 100 500 200 70 30 7 <10

209332 - 5 200 300 500 15 15 10 N
209352 5 2000 1500 200 <10 <10 N <10
209359 20 300 70 150 15 50 10 <10
209408 20 70 700 200 15 20 7 10

209467 2.0 150 1000 100 <10 <10 10 10

209490 3.0 2000 2000 150 20 N 15 N
209502 >20 150 700 50 70 20 15 10

209503 15 50 100 200 10 10 10 <10
209531 20 100 1500 50 59 20 7 <10
209565 20 200 500 70 5} <10 7 <10
209618 20 100 200 200 30 15 7 <10
209699 20 200 300 70 20 N 7 <10
209779 10 150 1000 200 15 30 10 <10
209825 >20 150 1000 70 1) 20 <7 <10
209841 >20 300 150 30 53 N 7 <10
209858 >20 70 N 70 30 N N N
209889 15 200 1500 500 10 15 7 <10
Minimum 0.7 50 0 30 <10 0 <5 0

Maximum >20 2000 2000 500 70 50 15 30
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Table 6.--Chemical

Table 5.--Arithmatic mean values for selected gossans in the Kingdom

of Saudi Arabia (Ryall and Taylor, 1981).

[Fe values 1in percent, all other values in parts per million.]

Gossan Fe% Cu Mo Pb Co Mn In Ba
Wadi Wassat 30 17 18 6 20 100 16 550
Khomfut 35 59 120 2 60 -150 55 120
Nuhum 31 3 16 75 25 140 21 420
Girwash 19 19 11 9 16 43 29 64

Mishash ar Rafi area.

analyses by emmison spectrography of rocks from the

[Fe values in percent, all other values in parts per million; N=not detected.]

Sample Discription Fe Co Cr Cu Mo Ni Pb vV In

209105 Quartz vein 10 N 30 50 N 5 30 70 N

209225 Shale 20 20 200 100 20 70 10 300 200

209355 Shale 3 15 70 70 N 100 20 150 N

209451 Silicious hematitic § 7 70 20 10 15 N 30 N
layer in shale

209536 Silicious hematitic 10 30 70 | 50 15 50 15 100 N
' layer in shale

209824 Shale 5 7 300 20 N 50 N 150 N

5
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Table 7.--Chemical analyses of wadi samples of the Rawdat al Ba'ayith
gold Area.

[Wadi concentrates by emission spectrography and wadi sediments by
atomic absorption. A1l values are in parts per million; N=not
detected.]

Wadi Concentrates = ===v--- Wadi Sediments ------

Sample Cu Pb Sample Cu In As Mo
209115 N 50 212115 140 360 55 6
209141 N 70 212141 160 396 88 8
209144 10 50 212144 179 370 44 7
209166 20 50 212166 192 392 15 8
209217 N 70 212217 165 294 10 10
209258 N 70 212258 174 300 10 10
209407 N 300 212407 182 323 10 12
209795 N 70 212795 250 340 15 10
209880 N 50 212880 168 410 10 12
209907 N 70 212907 350 320 4400 10
209961 N 70 212961 164 356 13 7
209968 10 100 212968 140 364 10 8

Table 8.--Chemical analyses of rocks from the Jibal Abid area.

[A11 results are in parts per million; [--]=not analyzed.]

Sample Ag Bi Cu Mo Pb Sb Sn
209579 20 30 20,000 >2,000 50 300 50
209637 3 150 >20,000 >2,000 30 300 150

Sample Au As In Cd Bi S5

209579 -- 160 110 0.4 19 140
209637 0.8 40 10 0.7 68 104
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[Fe values in percent, all other values are in parts per million; N=not detected;
[--]=not analyzed.]

Table 10.--Chemical analyses of wadi samples from the Agab gossan area.

[A11 values are in parts per million; N=not detected.]

------- Emission Spectrography---

Wadi Wadi

Concentrate Cr Cu Ni Pb Sediment Cu in As Mo
209161 70 10 20 50 212161 159 344 10 5
209195 100 N 15 70 212195 214 460 80 7
209292 100 10 30 70 212292 118 340 130 5
209452 300 20 20 70 212452 430 355 10,000 10
209900 200 20 30 50 212900 157 356 205 8
209926 100 10 15 70 212926 160 320 10 20
209970 70 10 15 50 212970 144 126 140 10
209991 100 10 30 70 212991 138 415 13 6

Table 11.--Chemical analyses of rocks from the Rawdh gossan aera.

- - e -

Emission Spectrography

Sample Discription Fe Ag Co Cr Cu Mo Ni Pb In

209223 Chert 3 N N 50 20 10 15 N N

209294 Slag 15 N N 500 700 >20,000 N 1,500 10 N

209585 Gossan 15 N 50 700 5,000 N 200 10 N

209669 Quartz vein 5 150 »>1,000 5 50 30 150 7 3,000 700

209810 Gossan 5 20 70 30 3,000 N 150 50 N

209896 Marble 2 N N 5 70 15 5 5 10 N

209898 Prospect 20 30 N 300 300 >20,000 N 2,000 10 N
------- Atomic Absorption---------

Sample Discription As In Cd Bi Sb Au

209223 Chert 30 10 0.1 N N N/A

209294 ‘Slag - == -- -- -- --

209585 Gossan - - -- -- -= --

209669 Quartz vein N 450 1.0 630 2.0 .06

209810 Gossan 110 20 0.6 3 N N/A

209896 Marble -— == -- -- -- --

209898 Prospect -— == -- -- -~ --
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Table 12.--Chemical analyses of Wadi samples from the Rawdh gossan area.

[A11 values in parts per million; N=not detected.]

----Emission Spectrography---- --~Atomic Absorption---
Wadi Wadi
Concentrate Bi Cr Cu Ni Pb Sediment Cu In As Mo
209149 N 50 15 20 30 212149 292 388 14 60
209466 N 150 200 30 50 212466 270 336 10 14
209672 300 100 10 15 200 212672 122 308 10 5
209694 N 70 10 15 30 212694 490 248 55 7

Table 13.--Chemical analyses of rocks from the Rijlat al Ashgar quartz
vein area. }

[Fe in percent, all other values in partsfper million; N=not detected;
[--]=not analyzed.

----------------- Emission Spectrography----=--=-=~==--~-=--
Sample Fe Bi Co Cr Cu Mo Ni Pb W Sb

209044 >20 50 500 30 100 1,000 150 20 100 N

209047 1.5 N N 10 5 N 5 30 N N

209061 0.7 N N 500 7 N 10 20 N N

209174 1.5 N 20 200 70 7 70 10 50 N

209190 1.5 N N 300 5 b 5 10 N N

209244 1.5 N N 15 5 N 10 N N N

209291 0.5 N N 300 10 N 7 N N N

209362 1.0 N N 200 5 5 5 15 N N

209393 >20 15 100 300 70 1,500 50 10 500 N

209527 1.0 N N 300 5 50 15 N N N

209581 2.0 N 5 200 15 5 5 10 N N

209641 2.0 N 10 N 150 50 20 30 N 100

209678 1.5 N 20 200 150 50 20 N N N

209861 20 10 200 N 30 1,500 150 70 N N

209998 10 1,000 N 50 100 500 5 150 2,000 N
---------- Atomic Absorption---#-----

Sample As In cd Bi Sb z Au

209044 110 10 0.1 36 N -

209047 N 20 N N N -

209061 -- -- -- - - | .-

209174 -- -- -- -- - ==

200190  -- - - e e |

209244 N 15 0.1 18 N -

209291 == -- -~ -~ - e

209362 -- -- -- -- - --

209393 -- -- -- -- - -~

209527 -- -- -- -- - -

209581 -- -- -- -- -~ -~

209641 10 40 0.2 3 52  0.002

209678 -- -- -- -- - --

209861 70 5 0.1
209998 60 5 0.2 600 2.0 --
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[Wadi concentrates by emission spectrography and wadi sediments by

Table 14.--Chemical analyses of wadi samples from the
Wadi al Qahad skarn area.

atomic absorption. Fe in percent, all other values are in parts per
million; N=not detected.]

- - -

Wadi sediment

Sample Bi Pb Sb Sn Sample Cu In Mo As
209072 N 50 N 1000 212072 147 281 5 75
209106 200 50 <200 1500 212106 . 157 273 9 15
209122 N 20 N 300 212122 129 264 8 15
209232 N <20 N 300 212232 118 218 12 13
209233 N 30 N 30 212233 171 326 9 75
209301 N 50 N 300 212301 106 329 7 <10
209594 N 70 200 300 212594 113 223 8 <10
209645 N 20 N 20 212645 140 344 6 75
209658 N 100 N 2000 212658 169 327 8 375
209818 N 50 N 70 212818 172 300 8 210
209842 N 70 N 150 212842 163 360 7 55
209967 70 50 700 700 212967 120 267 12 15
209984 N 70 N 1000 212984 113 215 6 270

Table 15.--Chemical analyses by emission spectrography of wadi

concentrates from the Jibal Ba'gham area.

[A11 values in parts per million; N=not detected.]

Sample Be La Nb Pb Sn Y Th W
209089 15 500 50 200 >2000 5000 500 N
209111 70 300 50 150 300 5000 <200 N
209180 100 1000 50 500 150 5000 700 N
209284 15 150 50 70  >2000 1500 N N
209297 70 700 100 500 200 5000 500 N
209371 15 100 <50 100 1500 3000 200 150
209632 7 100 N 150 500 3000 N _ N
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Figure 18.--Geologic map of the Murran gossan belt showing rock-sample sites.
Modified from Quick and Doebrich (1984), see table 4.
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Figure 19.--Geologic map of the Murran gossan belt showing wadi-sample sites.
" Modified from Quick and Doebrich (h984), see table 3.
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Figure 20.--Geologic map of the Mishésh ar Rafi shale area showing rock-sample
sites. Modified from Williams and Simonds (1985), see table 6.
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Figure ZI.T-Geologic_ map of the Rawdat al Ba’ayithf gold area showing sample
sites. Modified from Williams and Simonds (1985), see table 7.
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Figure 22.--Geologic map of the Jibal Abid Cu-Mo-Ag area showing sample sites.
Modified from Williams and Simonds (1985), see table 8.
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Fig‘ure 23.--Geologic map of the Agab gossan area showing sample sites. Modified
from Quick and Doebrich (1984), see tables 9 and 10.
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Figure 24.--Geologic map of the Rawdh gossan area showing sample sites.
Modified from Quick and Doebrich (1984), see tables 11 and 12.
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Figure 25.--Geologic map of the Rijalt al Aspar quartz vein area showing sample
sites. Modified from Williams and Simonds (1984), see table 13.
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Figure 26.--Geologic map of the Wadi al Qahad skarn area showing wadi-sample
sites. Modified from Quick and Doebrich (1984), see table 14.

73



41°04°' . 41°0¢8"
26°57'

26°52'
1 0 1 2 KILOMETERS
: T T _1‘ ¥ L2 = -4
0 5000 FEET
EXPLANATION
Quaternary alluvium and . .
m undifferentiated deposits | sgm Magnetite syenogranite
’ iti ; hqd - Hornblende quartz diorite
gphb ng gham porphyritic granophyre bg - Banana greenstone
pgb .Ba’gham granite
e—— - == == Fault, dashed where inferred
Jufayfah syenogranite == — — — (Contact, dashed where inferred
= 111 Wadisample with site number
Ea Hadn formation

|
'

Figure 27.--Geologic map of the Jibal Ba’gham }arca showing wadi-sample sites.
Modified from Quick (1983)
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